This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



i 

EUROPEAN PATENT OMyCE 



Patent Abstracts of Japan 



PUBLICATION NUMBER : 03068894 

PUBLICATION DATE : 25-03-91 

APPLICATION DATE : 08-08-89 

APPLICATION NUMBER 01203870 

APPLICANT ; OMORI TOYOAKI; 

INVENTOR : OMORI TOYOAKI; 



INT.CL. 



TITLE 



G21B 1/00 

NUCLEAR FUSION GENERATING 
DEVICE 




2 1 ^Z-H 



0 0 




25 Dvrvrr 



ABSTRACT : PURPOSE: To increase a detection amount of neutrons by generating deuterium ions 

which are generated by applying pulsated voltage to a pair of discharging electrodes and 
also by causing nuclear fusion reaction by a pressure wave which is generated by 
underwater electrical discharge. 

CONSTITUTION: In a nuclear fusion generating device of this invention, an insulation 
break-down of a reactive liquid 22 occurs between discharging electrodes 23b when a 
pulsated voltage is applied to an electro-magnetic terminal 24, consequently an 
underwater plasma 27 is generated, and electric charge which is accumulated in a 
capacitor Ci of capacitors 25, for instance, is reduced by the pulsated electrical discharge. 
Accompanying this electrical plasma discharge, deuterium ions (nuclei of deuterium D) are 
generated and also, because a pressure wave by the discharge accompanies, the 
deuterium nuclei D collide with a surface of a supporting electrode 23a by the pressure, to 
be trapped there. In this way, a nuclear fusion reaction called D-D reaction, is generated 
by a reaction with continuously colliding another D. In this case, a production rate of 
several tens to several hundreds folds, compared to an ordinary method by an 
electrolysis, can be obtained. 
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Nuclsor fusion generator, for nuclear fusion - comprises reaction 
tank, paired discharging electrodes and control power source 
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Nuclear fusion generator has: (a) reaction tank filled with reaction 
soln. using heavy water as reactant: (b ) aired discharging electrt>des 
in reaction tank: and (c) control power source supplying pulse 
voltage at predetermined period to electrodes. Nuclear fusion 
reaction is generated by generation of heavy water ions generated by 
applying pulse voltage to electrodes and pressure wave generated by 
underwater plasma discharge. The electrodes have discharging 
electrodes and supporting electrodes holding disctiarging electrodes. 
Discharging electrodes are formed b>'high m.pt. metal. Supporting 
electrodes are formed by high heavy hydrogen adsorptive metal 
material. Low m.pt. good conductor metal fine wire is fixed to each 
supporting electrode. Wire is used as discharging starting material 
melted by plasma discharge. 

USE/ADVANTAGE - Used for nuclear fusion. GeneraUon of heavy 
water ions and pressure wave are used as heavy hydrogen atomic 
nucleus-heavy water atomic nucleus reacUon. Result increases the 
atomic nucleus-heavy water atomic nucleus section using simple 
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generator. Result obUins high neutron detecting amt. of at least two 
digits compared to conventional electrodialysis nuclear fusion 
appts.. (6pp Dwg.No. 1/1) 
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Claims 



1. A type of nuclear fusion generator characterized by the 
following facts: the nuclear fusion generator has a reaction tank 



filled with a reactant solution with heavy water used as the 
reactant, a pair of electrodes for discharge set in the 
aforementioned reaction tank, and a control power source which 
. provides, pulse voltage to the aforementioned pair of electrodes 
for discharge at the prescribed period; the nuclear fusion 
reaction takes place due to formation of deuterium ions and the 
pressure wave caused by the under-water plasma discharge as the 
aforementioned pulse voltage is applied on the aforementioned 
pair of electrodes for discharge, 

2. The nuclear fusion generator described in Claim 1 
characterized by the fact that the aforementioned pair of 
electrodes for discharge are made of discharging electrodes and 
supporting electrodes, with the aforementioned discharging 
electrodes made of high-melting-point metal and with the 
aforementioned supporting electrodes made of a metallic material 
with a high deuterium adsorptivity . 

3. The nuclear fusion generator described in Claim 1 or 2 
characterized by the fact that a fine wire made of a 
low-melting-point good conductor is fixed in bridge form on the 
supporting electrode near the discharging electrode, and melting 
of the fine wire in the initial stage of the plasma discharge 
acts as a starter for the discharge. 

4. The nuclear fusion generator described in Claim 1 or 2 
characterized by the fact that the reactant solution is made of a 
mixture solution of water with electrolyte dissolved in it and 
heavy water. 
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Detailed explanation of the invention 

Application field in industry 

This invention concerns a type of nuclear fusion generator. 
More specifically, this invention concerns a novel type of 
nuclear fusion generator with simple configuration different from 
the conventional thermonuclear fusion reactor using vacuum and a 
high magnetic field to confine the nuclear fusion plasma. 

Prior art 

For a long time, research has been performed on the nuclear 
fusion technology as the future energy source in the form of a 
large-scale concentrated type energy system. However, for the 
tokamak program and other nuclear fusion reactors, the 
thermonuclear fusion reaction can be realized only by using a 
integration of ultimate [sic] technologies and high-level high 
technologies, and a long time and a huge investment are needed 
before they can be used in a practical operation. At present, 
people are becoming pessimistic to this conventional type of 
nuclear fusion generator. 

Recently, since the report of the results obtained by 
Flighshman [transliteration] and Vance on March 23, 1989, great 
interest has been put on the research of the room-temperature 
nuclear fusion by means of electrolysis of heavy water. As this 
method has the advantage of simplicity, as compared with the 
aforementioned conventional nuclear fusion equipment, many 
research institutions in the world are studying it. There are 



nevertheless both positive and negative responses to the results 
reported for the technical contents in the form of news and 
special topics. There are also sensational reports appearing in 
this field. We will not go into detail in this respect. Also, 
in the aforementioned electrolysis method, the neutron yield is 
about 0.3 /sec. 

On the other hand, as reported in a paper on Kagaku Asahi 
(July issue), 1898, p. 109, it seems that in late April 1989, a 
group at Frascati Laboratory, Italy, has succeeded in making the 
low-temperature nuclear fusion using a very static method instead 
of the electrolysis method. 

Figure 5 is a diagram illustrating the configuration of the 
low-temperature nuclear fusion equipment disclosed in the 
aforementioned reference. As shown in the figure, 100 g of 
titanium (2) are set in a stainless steel container (1). Valves 
(4) and (5) are opened and the container is evacuated by means of 
a vacuum pump (3). Then, valve (4) is closed and valve (6) is 
opened, and deuterium gas is fed slowly from a gas cylinder (7) • 
Under monitoring, by means of a pressure gauge (8) , the pressure 
is finally increased to 50 atm, and deuterium is sufficiently 
adsorbed on the titanium (2). Then, the stainless steel 
container (1) is dipped in a cooling tank (9) filled with liquid 
nitrogen (10). After . closing valves (5) and (6) , not shown in 
the figure, cooling is performed until the temperature decreases 
to an equilibrium temperature of -196<»C as monitored by a 
temperature measurement unit. It is confirmed that more 
deuterium gas is adsorbed on titanium (2) than before the cooling 
operation. The further adsorption is revealed by the decrease in 
the pressure. (11) represents a neutron detector connected to a 



counter not shown in the figure • It is .set on the side of 
stainless steel container (1). If the nuclear fusion reaction., 
takes place due to the D-D reaction (where D represents the 
deuterium nuclei) , the output of the neutron detector (11) 
increases and the result is counted. 

When the liquid nitrogen continuously evaporates in the 
aforementioned configuration and conditions, the temperature 
gradually increases to near the room temperature. During the 
process of rise in the temperature of the titanium (2), a large 
amount of neutrons, as many as 35 times the background level, are 
observed. When the aforementioned experiment is. amended a little 
by setting titanium (2) for adsorption of deuterium in a vacuum, 
while the same experiment is performed, that is, the system is 
first cooled to the temperature of liquid nitrogen and then 
slowly allowed to return to room temperature, the yield of 
neutrons formed is further increased, and the number of neutrons 
formed is 500 times that of the background. 

The results of the aforementioned experiment indicate that 
instead of the aforementioned electrolysis method, by simply 
increasing and decreasing the pressure and temperature of the 
deuterium gas, a large amount of neutrons can be generated. 
However, this is outside the present common knowledge, and if it 
can be confirmed as true, it will become a precious experimental 
result. 

Problems to be solved by the invention 

The aforementioned low-temperature nuclear fusion generator 
may be able to replace the conventional nuclear fusion reactor. 



However, at present, it is only in the stage of initial 
development, and it is believed to be a technology not directly, 
related to the topics to be solved in this invention. What 
should be taken as the topics include the study on the method to 
increase the output for the nuclear fusion using the electrolysis 
method as the yield of neutrons is very low for the conventional 
scheme shown in Figure 5. 

This invention is made in consideration of the 
aforementioned problems. Instead of being restricted to the 
conventional method of electrolysis of heavy water, and instead 
of the aforementioned new method using change in the temperature 
and pressure, this invention has a purpose in providing a type of 
nuclear fusion generator which only makes use of the means 
adopted in the conventional high-voltage experiment to perform 
the nuclear fusion. 

Means for solving the problems 

This invention provides a type of nuclear fusion generator 
characterized by the following facts: the nuclear fusion 
generator has a reaction tank filled with a reactant solution 
with heavy water used as the reactant, a pair of electrodes for 
discharge set in the aforementioned reaction tank, and a power 
source which provides high pulse voltage to the aforementioned 
pair of electrodes for discharge; the nuclear fusion of the 
deuterium nucleus-deuterium nucleus (D-D) reaction takes place 
due to formation of deuterium ions {^iH"*") and the pressure wave 
caused by the under-water plasma discharge as the aforementioned 



pulse voltage is applied on the aforementioned pair of electrodes 
for discharge. In this case, as a specific example, the 
aforementioned pair of electrodes for discharge may be made of 
discharging electrodes made of a high-melting-point metal and 
supporting electrodes made of a metal with high hydrogen, 
adsorptivity (such as titanium). In addition, a fine wire made 
of a low-melting-point good conductor may be fixed in bridge form 
between the supporting electrodes near the discharging 
electrodes, and melting of the fine wire in the initial stage of 
the plasma discharge acts as a starter for the discharge. 

The reactant solution is usually a mixture solution of heavy 
water and water. However, it is also possible to add an 
electrolyte in the solution. 

Functions 

According to this invention, a pair of discharging 
electrodes are set in heavy water, and under-water plasma 
discharge takes place in the region between the discharging 
electrodes as high pulse voltage is applied between these 
electrodes. In this under-water plasma discharge, deuterium ions 
are formed from heavy water DjO; due to the pressure wave 
generated in this case, the deuterium ions, that is, the 
deuterium nuclei D(^iH'*") , are adsorbed on the surface of the 
supporting electrodes. In this case, collision (inelastic 
collision) between the deuterium nuclei D takes place, and the 
nuclear fusion reaction takes place through following formula (1) 
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or formula (2), or through both formulas (1) and (2). In this 
case, T represents the tritium nuclei, n represents neutrons, ajid 
p represents protons (hydrogen nuclei) . 

D + D ^He + n (1) 
D + D T + p (2) 

Whether the nuclear fusion takes place or not in these 
reactions can be checked by detecting n or p. At present, the 
plan is to detect n by means of a neutron detector. 

As the discharging electrodes of the pair of electrodes for 
discharge are made of a high-melting-point metal, while the 
supporting electrodes of the pair of electrodes for discharge are 
made of a metal with a high hydrogen adsorptivity , such as 
titanium or palladium, the discharging electrodes are not damaged 
in the discharge, and D is adsorbed on the supporting electrode 
surface, where the collision cross-section for D can be 
increased. 

In addition, as a discharge starter material is set as a 
bridge between the supporting electrodes,, when the initial 
voltage is applied, this starter is melted and many ions, such as 
ions of silver Ag"*" when silver is used as the starter, are 
present in the reactant solution. Consequently, the pulse plasma 
discharge that takes place afterwards can be maintained under a 
relatively low voltage. In this respect, as an electrolyte is 
added into the reactant solution with heavy water used as the 
reaction substance, the electrical resistance of the reactant 
solution is lower than that in the case when there is no 
electrolyte. Consequently, the pulse plasma discharge can take 
place easily even though there is no starter for the discharge. 



Application examples 

Figure 1 is a schematic diagram illustrating an application 
example of the nuclear fusion generator of this invention* 
Figure 2 is a circuit diagram illustrating an application example 
of the control power source for generating the pulse voltage for 
driving the equipment shown in Figure 1. 

As shown in Figure 1, reactant solution (22) with heavy 
water as the reactant (fuel) is filled in a reaction tank (21) . 
Although it is good to have pure heavy water as the reactant 
solution (22) , in consideration of the cost, the reactant 
solution is usually made of a mixture of water and heavy water, 
which may be added with a small amount of electrolyte. In the 
reactant solution (22), a pair of electrodes for discharge (23) 
are set symmetrically opposite to each other, with terminals (24) 
set on them for application of high pulse voltage between the 
electrodes. Said pair of electrodes for discharge (23) have an 
integrated configuration made of supporting electrodes (23a) made 
of titanium, palladium or other metal which can adsorb or absorb 
hydrogen well, and discharging electrodes (23b) made of tungsten, 
tantalum, or other high-melting-point metal. Said pair of 
discharging electrodes (2 3b) are in the form of spherical surface 
bodies set facing each other. The shape, however, may also be 
rod or planar, and there is no special limitation in this 
respect. It is preferred that the shape be appropriate to ensure 
that the under-water plasma discharge can be realized 
homogeneously and with a high reproducibility. The gap between 
the electrodes is set with 3 cm as the standard value. A neutron 
detector, not shown in the figure, with excellent electrical 
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shielding to the discharge noise, etc, is set either inside or 
outside the reactant solution (22) - It is used for counting the 
dose of neutrons as the reaction product. 

As shown in Figure 2, for the control power source, Cj-Cq of 
multiple high-voltage rating capacitor (25) are set parallel to 
each other for applying a voltage about DC 20 kV on electrode 
terminals (24) . The positive (+) side is connected to the 
terminal of high-voltage rating switch (26) , and each capacitor . 
(25) is kept in a charged state by means of a charging device not 
shown in the figure. The control circuit is not limited to that 
shown in Figure 2. The following schemes may also be adopted: 
The pulse voltage applied on pair of electrodes for discharge 
(23) is switched by rotating the neutral terminal connected to 
the positive side of switch (26) , and the voltage charged on Ci-Cn 
of capacitor (25) is applied periodically in sequence with a 
prescribed period. Also, the charging voltage is not limited to 
20 kV, and it can be adjusted appropriately corresponding to the 
easiness of the under-water plasma discharge in reactant solution 
(22). 

For the nuclear fusion generator with the aforementioned 
configuration, as the pulse voltage is applied on electrode 
terminals (24) , breakdown of insulation of reactant solution (22) 
takes place between discharging electrodes (23b), plasma (27) is 
formed in the water, and the charge in Cj of capacitor (25) is 
consumed in the pulse discharge. In accompaniment with this 
plasma discharge, deuterium ions (deuterium nuclei D) are 
generated. In addition, as a pressure wave is formed in the 
discharge, the pressure leads to dissociation of heavy water DjO 



to form deuterium ions ^jH^. The deuterium nuclei (D) in the ion 
form, then impact on the surface of the supporting electrode 
(23a) and are caught. As collisions continue, reaction with 
another D, that is, D-D reaction, takes place, leading to the 
nuclear fusion reaction in the form of formula (1) or (2) . The 
nuclear fusion realized in this way is measured by counting the 
neutrons using the aforementioned neutron detector. It is found 
that the yield of neutrons is as high as tens to hundreds, as 
compared to the neutron yield of 0.3/sec obtained in the 
conventional method using the electrolysis scheme. 

Figure 3 is a schematic diagram illustrating another 
application example of this invention. In this figure, the same 
or corresponding parts as those in Figures 1 and 2 are 
represented by the same symbols, and they are not explained 
again. As shown in Figure 3, (28) represents a fine wire which 
bridges supporting electrodes (23a) near discharging electrodes 
(23b). Fine wire (28) is a metal wire with a diameter of about 
1 mm and is made of silver or other low-melting-point good 
conductor. The other configuration features are identical to . 
those in the application example shown in Figure 1. Also, fine 
wire (28) may be set on the upper side at a position symmetric to 
discharging electrodes (23b) . 

In the configuration shown in Figure 3, first of all, a high 
pulse voltage is applied on electrode terminals (24), and a 
current flows through the fine wire (28) first. Instantly, this 
fine wire melts and the fine wire shown in Figure 4 is broken, 
represented by (28a). In this case, due to the spark discharge 
in the melting, ions (Ag^ when the fine wire is made of silver) , 



not shown in the figure, are formed in the reactant solution 
(22), and the gap region of discharge electrodes (23b) becomes 
highly electroconductive. Consequently, when the second pulse 
voltage is applied in this state, the discharge can take place 
easily due to the breakdown of insulation between the discharge 
electrodes (23b) . The plasma discharge in this state can take 
place easier than in the state shown in Figure !• That is, the 
discharge can take place at a lower voltage than that in the case 
shown in Figure 1. Consequently, there is no consumption of the 
surface of discharge electrodes (23b) in application example of 
Figure 1, This effect is a prominent feature of this application 
example. In addition, the effect can be further increased by 
adding an electrolyte into the reactant solution (22) as 
explained in the above* 

In the aforementioned application examples, heavy water is 
used as the reactant, and a pair of electrodes for discharge are 
set in the reactant solution for the nuclear fusion reaction. 
This means can also be added to the conventional electrolysis 
nuclear fusion equipment to realize the same effect as above. 
That is, in conventional electrolysis type nuclear fusion 
equipment (not shown in the figure) , the anode is made of 
platinum or gold, while the cathode is made of palladium or 
titanium, and the reactant solution is prepared from heavy water 
plus metal salt (the electrolyte) . In this nuclear fusion 
equipment, the pair of electrodes for discharge in this invention 
may be set near the gap between the anode and cathode, and the 
pressure liquid [sic; pressure wave] generated in the plasma 
discharge as explained in the above acts to promote the D-D 
reaction or D-T reaction at the surface of the cathode. 
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Effects of the invention 

As explained in the above, according to this invention, a 
pair of electrodes for discharge are set in the reactant solution 
with heavy water used as the reactant, the under-water plasma 
discharge generated between the aforementioned electrodes 
generates deuterium ions and a pressure wave, which perform the 
D-D nuclear fusion reaction. Although the equipment is very 
simple, the D-D reaction cross-section can nevertheless be 
significantly increased, and the detected neutron yield is higher 
by 2 orders of magnitude than that obtained in the conventional 
electrolysis type nuclear fusion equipment. 

Brief explanation of the figures 

Figure 1 is a schematic diagram illustrating an application 
example of the nuclear fusion generator of this invention. 
Figure 2 is a diagram illustrating the circuit of the control 
power source for driving the equipment shown in Figure 1. Figure 
3 is a schematic diagram illustrating another application example 
of this invention. Figure 4 is a schematic diagram illustrating 
the state of fusion of the fine wire in the equipment shown in 
Figure 3. Figure 5 is a schematic diagram illustrating the 
experimental setup of the low-temperature nuclear fusion reported 
in reference. 

21, reaction tank 

22, reactant solution 

23, pair of electrodes for discharge 



2 3a, supporting electrode 
23b, discharging electrode 

24, electrode terminal 

25, capacitor 

26, switch 

27, plasma 

28, low-melting-point good conductor [fine wire] 
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Key: 21 Reaction tank 

22 Reactant solution 

23 Pair of electrodes for discharge 
23a Supporting electrode 

23b Discharging electrode 
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Key: 25 Capacitor 
26 Switch 
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Figure 3 

Key: 21 Reaction tank 

24 Electrode terminal 

28 Low-melting-point good conductor 
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Key: 28a Fused fine wire 
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Figure 5 
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